Planning policy makers are requesting clearer guidance on the key design features required to 5 build neighbourhoods that promote active living. Using a backwards stepwise elimination 6 procedure (logistic regression with generalised estimating equations adjusting for demographic 7 characteristics, self-selection factors, stage of construction and scale of development) this study 8 identified specific design features (n=16) from an operational planning policy ("Liveable 9
INTRODUCTION 21
A vast body of evidence demonstrates associations between the built environment and levels of 22 walking and physical activity (Hooper et guidance from active living researchers on the 'key' or 'essential' design features that promote 37 health outcomes and behaviours such as walking (Allender et al., 2009) . 38 39
In 1998 the Western Australian State Government introduced the 'Liveable Neighbourhoods 40
Community Design Guidelines' (LN). A key intended outcome of the LN policy was to reduce 41 suburban sprawl and car dependence and encourage more walking, cycling and public transport 42 use. LN consists of four general design 'elements' (community design; movement networks; lot 43 layout; public parkland) that provide design guidance to assist in creating more compact, self-44 sufficient, pedestrian-friendly neighbourhoods, with destination hubs (i.e., neighbourhood centres) 45 and public transport links. Each element contains a list of requirements of different design features 46 with a range of responses or criteria outlining how planners or developers could meet the element 47
Three MN requirements were significantly associated with WR (Table 1) 
: Higher block densities 194
were associated with a nearly seven-fold increase in the odds of doing any WR (OR=6.83) and 195 five-fold increased odds of doing ≥60mins WR (OR=5.14). Each extra kilometre of footpath 196 increased odds of doing ≥60mins WR by 1% (OR=1.01). Notably, higher proportions of cul- de-197 sacs with linking routes were associated with decreased odds of achieving ≥60mins WR 198 (OR=0.64) ( Table 2) . 199
200
Four MN requirements were significantly associated with TW. Higher block densities were 201 associated with a five-fold increased odds of doing ≥60mins TW (OR=5.05). A higher walkable 202 block ratio (i.e., numbers of blocks that met the policy requirement for size i.e., ≤620m perimeter) 203 was associated with increased odds of undertaking any TW (OR=4.38, 3.24-5.91) and ≥150mins 204 TW (OR=2.27) per week. For every one unit increase in the sidewalk:road ratio the odds of doing 205 ≥60mins TW increased threefold (OR=3.14, 1.89-11.1) and for every one unit increase in the 206 density of trees positioned along the footpath networks the odds of doing ≥60mins TW increased 207 by 2%. . 208
209

Lot layout requirements and walking behaviour 210
The proportion of the residential land area occupied by small lots (≤350m 2 ) was the only significant 211 LL requirement. For every percentage increase in land area occupied by small lots the odds of 212 doing any WT increased by 4% (OR=1.04). 213
214
Public Parkland requirements and walking behaviour 215
Four PP requirements were significantly associated with doing any WT ( Table 1) . The odds 216 increased by 8% for every additional park (OR=1.08, 1.03-1.13), by 13% for every additional small 217 park (>0.3 to ≤0.5ha), by 17% for each additional medium park (>0.5 to ≤1.5ha) (OR=1.17, 1.06-218 1.28) and increased four-fold with access to a regional park (>4ha in size) within 2.5km (OR=3.97, 219
2.46-6.41). Access to a regional park was also significantly associated with doing ≥60mins WT 220
(1.99, 1.83-2.17). 221
Just two PP requirements were significantly associated with the WR and TW outcomes (Table 1) : 223 every additional medium-sized (>0.5 to ≤1.5ha) park was associated with a 6-9% increased odds 224 of doing any and ≥60mins WR and TW. Access to a regional park was associated with a 60-80% 225 increased odds of doing any and ≥60mins WR and TW. 226
227
Interacting effects of CD and MN requirements with walking behaviour 228 Table 2 presents the estimated odds ratios (and 95% confidence intervals) of the interaction 229 analyses -many of which revealed that the effect of implementation of the MN requirements on 230 walking differed according to whether or not a neighbourhood centre was accessible within 1600m. 231
There were significant interactions between the presence and type of a neighbourhood centre and 232 street network connectivity with doing ≥60min WR and TW, and ≥150mins TW. Significant 233 interactions were also observed between the presence and type of a neighbourhood centre and 234 both cul-de-sac and sidewalk provision for ≥60min of weekly WR and TW. There were no 235 significant interactions with WT as the outcome variable. 236
237
INSERT TABLE 2 ABOUT HERE 238 239
Access to a neighbourhood centre and street connectivity 240
Having access to a main street or big box centre had a major effect on walking (Table 2) . 241
However, the association between connectivity of the street network, measured by the connected 242 node ratio, and the WR and TW outcomes was modified by the presence or absence of a centre 243 within 1600m (interaction terms p<0.001). For people with no access to a centre within 1600m, 244 having a highly (versus low) connected street network had a large effect on the odds of doing 245 However, having access to a main-street configured centre within 1600m provided the most benefit 255 to increasing walking behaviour, regardless of the connectivity of the street network. The 'best 256 case scenario' for residents was living in developments with a main street centre and high street 257 connectivity. These residents had the highest odds of achieving walking; with a 20-fold increased 258 odds of doing ≥60mins WR (OR=20.42), a 70-fold increased odds of doing ≥60mins TW 259 (OR=69.40) and a six-fold increased odds of doing ≥150mins TW (OR=6.03) compared with those 260 with no centre and low street connectivity (i.e., 'worst case scenario'). 261
262
Access to a centre and cul-de-sacs street percentage 263
The association between cul-de-sacs street percentage with doing ≥60mins WR and TW outcomes 264 was also modified by the presence or absence of a centre within 1600m (interaction terms 265 p<0.002) ( 
Access to a centre and sidewalk provision 275
The association of high (versus low) provision of sidewalks (i.e., the proportion of the road network 276 with footpaths adjacent to / running parallel to the road pavement) with the ≥60mins WR and TW 277 outcomes was modified by the presence or absence of a centre within 1600m (interaction terms 278 p<0.001) ( Participants with no centre but high provision of sidewalks had similar levels of WR and TW to 285 those with access to a big box centre (regardless of provision of sidewalks) whilst those with 286 access to a main street configured centre had the highest odds of walking. 287
288
Interacting effects of PP and MN requirements with walking behaviour 289
There were significant interactions between two PP requirements (the total number of parks and 290 the number of medium-sized parks) and the footpath:road ratio in their effects on achieving 291 ≥60mins WR (p=0.022 and p=0.023, respectively). Compared with having low numbers of all 292 parks/medium-sized parks and low footpath provisions, participants living in housing developments 293 with higher total numbers of parks/ medium-sized parks and high levels of footpath provision had 294 an increased odds doing ≥60mins WR (OR=2.47 and 2.47 respectively). Participants living in 295 housing developments with higher total numbers of parks/medium-sized parks or a high level of 296 footpath provision (but not both) did not have a significantly increased odds doing ≥60mins WR. 297
298
There was also a significant interaction between the presence of a larger regional-sized park 299 (≥4ha) and high levels of footpath infrastructure for ≥60mins WT (p=0.040), ≥60mins WR (p=0.001) 300 and ≥60mins TW (p<0.001). Compared with participants with no access to a park ≥4ha in size 301 within 2.5km and low footpath:road ratio, participants with access to a park ≥4ha in size plus high 302 footpath:road ratios had significantly higher odds of achieving ≥60mins WR (OR=2.04), ≥60mins 303 WT (OR= 2.46) and ≥60mins TW (OR=1.80). Additionally, access to a regional park, even with 304 low footpath provision was also associated with an increased odds of doing ≥60mins WT 305 (OR=2.42) -and similar to that with high footpath provisions, suggesting that the provision of the 306 footpath network offered little increased benefit for achieving ≥60mins WT when a regional-sized 307 park was accessible within 2.5km. Further, participants with no access to regional park but with 308 high provision of a footpath network had significantly lower odds of ≥60mins WT (OR= 0.27),≥60mins WR (OR=0.35), and ≥60mins TW (OR=0.19) than participants with no access to regional 310 park and low provision of a footpath network. stipulated within the policy associated with different walking outcomes . This 324 study has identified a smaller number (n=17) of specific policy requirements across the four 325 elements that (when implemented) accounted for the greatest association with walking outcomes. 326
The current findings also illustrates that the policy requirements interact with one another and thus 327 their implementation in isolation will likely not result in optimal conditions to support local walking. 328
329
These analyses have allowed the development of an empirically derived, refined list of the "key" LN 330 design features that showed the strongest associations with walking behaviour. These features 331 have been grouped into three 'building blocks of a liveable neighbourhood' (Figure 1) . These 332 represent a hierarchy of design features related to: their scale (i.e., micro or macro); suggested 333 sequencing of the design and implementation phases in order to create walkable, compact, 334 pedestrian friendly developments; and their relationship with walking behaviour. All three blocks 335 are supported, by a consideration of density -whether that is the 'overall density' of the 336 development area, the 'targeted density' around centres and public transport hubs, and the 'design 337 The importance of the movement network as the foundation building block is highlighted by this 351 study's interaction analyses which revealed that good street connectivity was significantly 352 associated with walking, even in the absence of a neighbourhood centre. This is also supported by 353 our previous work which indicated that compliance with the MN element was associated with the 354 greatest odds of WT in the neighbourhood (Hooper et al., 2014) . 355
356
As an alternative measure of connectivity, and consistent with New Urbanist theory and the 357 requirements of LN, increased street block densities (reflective of smaller and a larger number of 358 blocks and more compact and denser developments) were associated with increased odds of both 359 recreational and total walking, although none of the transport-related walking outcomes. This latter 360 finding may be due to the generous provisions of LN allowing for block perimeters of up to 620m 361 (The Planning Group WA 2003). By international standards this block size is still large, and 362 suggests that the LN developments are meeting the letter but not spirit of this principle which aims 363 to reduce the size and increase the number of blocks to create more compact developments. A 364 large proportion of blocks at the upper limit of this threshold may reduce a development's 365 connectivity and overall neighbourhood density. However, Oakes et al (Oakes et al., 2007) also 366 found larger block sizes to be associated with increased odds of recreational walking. This may be 367 because the proximity of local destinations -particularly shops and services -is less important to 368 recreational walkers, provided the neighbourhood environment is pleasant (Sugiyama et al., 2012) . 369 370
Building Block Two: Activities and Mix 371
The for cars (Naess, 2005) and can be hostile, unwelcoming and unsafe environments for pedestrians. 403
The LN policy emphasises the installation of more traditional main-street mixed-use centres where 404 pedestrian-scaled, street-fronting retail layouts that encourage walking and cycling access 405 predominate. This study revealed that in addition to having destinations to walk to, the 406 configuration of the centre in which these are located is highly important for encouraging walking 407 behaviour. Whilst having a big box configured centre provided some benefit in terms of increasing 408 walking, the provision of the main-street centres was associated with greater odds of doing any TW 409 and ≥60mins per week of transport, recreational or any walking within the neighbourhood. for Business' report by the Australian Heart Foundation (Tolley, 2011) also concluded that creating 417 town centres in more attractive, pedestrian orientated main-street formats significantly increases 418 pedestrian activity and is important in helping to create a modal shift from the car to walking trips. 419
420
The association of WR with the main street configured centres may be explained by Handy 421 (Handy, 1996) . She suggests that whilst the primary motive for recreational walking is the act of 422 walking itself (i.e., for pleasure or exercise), individuals may still set out with a particular destination 423 in mind. Additionally, work by Moudon and colleagues suggests that whilstdestinations such as supermarkets are usually associated with necessary spending and utilitarian 425 trip purposes, the presence of a diverse mix of destinations associated with discretionary spending 426 (such as cafes, restaurants and retail) and community or civic uses and spaces, located in 427 pedestrian-orientated main street centres, may provide both destinations and an interesting route 428 for recreational walking (Sugiyama et al., 2012 ) 429
430
This study also revealed the important interactions between the 'structure and connectedness' and 431 'activities and mix' building blocks and the need to align them for optimal walking outcomes. The 432 interaction results revealed that having access to a main-street configured centre within 1600m 433 provided the most benefit to increasing walking behaviour, regardless of the connectivity of the 434 street network. Conversely, over and above a highly connected street network, the provision of a 435 'big-box' configured centre provided little or no additional benefit in terms of encouraging walking. 436
However, the provision of a main street centre in combination with a connected underpinning street 437 network provided the optimal conditions for encouraging walking behaviour. The interaction results also revealed that where there were a high number of parks with footpaths, 454 people were almost 2.5 times to walk achieve ≥60 mins walking for recreation each week. 455
However, participants with access to a larger (regional) park were more likely to undertake ≥60 456 mins transport, recreation or total walking irrespective of the footpath provisions. When no large 457 park was accessible, participants were less likely to walk even with good footpath provisions. 458
These findings are consistent with other elsewhere that has found access to larger, more attractive 459 Nevertheless, 11 of the 13 regional-scaled developments in this study of sufficient size to require 473 the provision of a primary school, did so. Schools were constructed early in the development 474 phase, perhaps to encourage young families to buy into the development. However, only seven of 475 these developments had installed a neighbourhood centre at the time of evaluation. Thus it is 476 possible that it was not the presence of the school per se that discouraged walking for transport but 477 rather the absence of utilitarian destinations. Whilst the provision of school sites is an important 478 community destination, particularly for increasing the likelihood of children using active modes to 479 school, reliance on a primary school alone to generate walking trips is insufficient as an attractor or 480 anchor destination for creating walkable neighbourhoods. The presence of a primary school is 481 only likely to be a destination for primary aged children and their parents, not for other adult 482 residents. Moreover, the trend towards larger primary schools may deter children from walking 483 and cycling to school and encourage parents to chauffeur their children by car (Trapp et al., 2013) . 484
485
Building Block Three: Design Details and Quality 486
The third 'building block' relates to the detail and quality of the neighbourhood design and micro 487 features that enhance the walking experience and make walking within the neighbourhood an 488 attractive, safe and desirable option. Quality design contributes to creating walkable and enjoyable 489 places, buildings, streets, and parks. This includes the provision of footpaths along the connected 490 street networks (providing a safe alternative to driving) and trees to provide shade from the hot 491 
Strengths and Limitations 530
A limitation of this study is the relatively small sample size of residents, which most likely accounts 531
for the large confidence intervals for the interaction results. The lack of significant associations 532 with walking for transport in the interaction analyses is likely to be a result of the relatively small 533 number of participants who reported using active modes of transport to and from their place of 534 work. However, the use of precise, policy-specific GIS measures of the new developments on 535 greenfield sites is a particular strength. The results are directly applicable to suburban areas 536 throughout Australia and the United States (US), that have typically followed conventional design 537 principles, as well as European settings as new towns are developed on greenfield sites. A 538 strength of this study was the inclusion of self-selection factors in models. Notably, the 539 associations observed persisted after controlling for self-selection, measured as participants' 540 preferences for particular neighbourhood features. This suggests that regardless of residents' 541 preferences for 'walkable' or 'liveable' features, implementation of the 16 policy requirements 542 encouraged walking within the neighbourhood. This finding is consistent the longitudinal results 543 from RESIDE (Giles-Corti et al., 2013; Knuiman et al., 2014) and suggest that creating more 544 walkable neighbourhoods would increase local walking, even in those who chose their 545 neighbourhood for reasons other than its walkability. 546
547
CONCLUSION 548
This study aimed to identify a shortlist of policy requirements from an operational state planning 549 policy that showed the strongest associations with walking behaviours in order to begin to identify a 550 hierarchy of design features that are important for encouraging or supporting residents' walking 551 behaviours. Sixteen policy requirements were identified across the four elements and grouped 552 under three different "building blocks of a liveable neighbourhood" supported by appropriate 553 densities, to represent a hierarchy of requirements related to their scale (i.e., micro or macro), and 554 suggested ordering of consideration in the design and implementation phases in order to create 555 walkable, compact, pedestrian friendly developments and neighbourhoods. 556
557
The impact of micro-design elements such as street trees and landscaping (i.e., the detail and 558 desirable features) although more easily implemented, is likely to be too small on their own to exert 559 any fundamental influences on travel and recreational behaviour in a low density, homogenous 560 residential neighbourhood. In contrast, the implementation of macro urban planning features such 561 as street connectivity with sufficient residential densities provide the foundation of walkable 562 communities and result in more compact neighbourhoods that support the provision of 563 neighbourhood centres and quality public open spaces. Together these are the principal 564 underlying determinants of walking within the neighbourhood, and the most difficult to retrofit. 565
Implementation of these macro features should therefore be the first to be considered, incentivised 566 and enforced in the design and development processes of new suburban neighbourhoods, to 567 which other micro features can be added. The interaction analyses has also highlighted that each 568 block of design features is essential in its own right, but to bring about optimal walking outcomes 569 these need to be aligned vertically and implemented in combination. 570 571 Evidence-based planning requires information on thresholds relating the design features (e.g., the 572 optimal distance to a neighbourhood centre or the mix of destinations within it to promote walking 573 or the level of density for positive health outcomes) to incorporate into planning guidelines or 574 policies. There is also a lack of studies examining the cost-effectiveness of creating more walkable 575 and liveable neighbourhoods or planning policies. Further research in these is required to advance 576 evidence-based planning. The building blocks of a Liveable Neighbourhood: Key policy requirements 745 from the community design (CD), movement network (MN), lot layout (LL) and 746 public parkland (PP) elements for walking 747
